In vitro experiments were conducted to study the permeability to thiamin of sheep rumen wall in either direction. Isolated discs of rumen wall mucosa were used in incubation experiments over 3 hr, controlled by measurements of transmural potentials. In some experiments 14 C-labeled thiamin was used.
study the permeability to thiamin of sheep rumen wall in either direction. Isolated discs of rumen wall mucosa were used in incubation experiments over 3 hr, controlled by measurements of transmural potentials. In some experiments 14 C-labeled thiamin was used.
At thiamin concentrations in the mucosal fluid ranging from .1 to 1.6/ag/ml no changes of the initial concentrations were found after incubation, whereas, at higher concentrations (3.2 to 12.8 /~g/ml) there was a slight but insignificant decrease. In no case did the initial serosal thiamin concentration change. When 2.0 /lg/ml 14 C-thiamin were applied a minor reduction of 14C-activity in the mucosal fluid was found.
When .05 to .2/~g/ml thiamin were applied in the serosal bathing fluid no concentration changes measurable by chemical analysis were obtained.
Experiments with taC_thiamin showed that approximately the same amount of l ac-thiamin migrated into the rumen mucosa as in the opposite direction.
No accumulation of 14C-thiamin in the rumen mucosa occurred during incubation.
The results indicate that the rumen wall mucosa of sheep has an extremely low permeability to thiamin and that the rumen may not be considered as a site of significant absorption or endogenous secretion of thiamin. (Key Words: Sheep, Thiamin, Rumen Wall Permeability.)
I NTRODUCTI ON
It is generally accepted that the microbes in the gastrointestinal tract of ruminants are capa-1 This investigation was supported by a grant of the German Research Scoiety (Deutsche Forschungsgemeinschaft DFG). ble of synthesizing thiamin in quantities sufficient to meet the requirements of the host animal. This assumption may not be valid under all feeding conditions since it has been shown by Naga et al. (1975) that sheep fed a purified protein-free diet without addition of B vitamins developed clinical symptoms of cerebro-cortical necrosis (CCN). At present systematic in vitro studies on thiamin synthesis and breakdown in rumen contents are under way in this laboratory. In this connection it is of interest to know whether the rumen wall of sheep is permeable to thiamin and, if so, whether there are indications of active thiamin transport. Passage of free thiamin across the rumen wall in vivo has been postulated by R~rat et al. (1958b) after studies in the perfused isolated rumen.
EXPERIMENTAL PROCEDURE
Samples of rumen wall tissue (avg diameter 6 cm) were taken from the ventral rumen sac of sheep immediately after slaughter. Immediately after careful removal of the muscular layer the mucosae were put in a buffer solution pH 6.75 at 39 C and gassed with 95% O2 + 5% CO2. The buffer was made according to Ferreira et al. (1972) and mainly Contained volatile fatty acids and glucose as an energy source. Exactly 2 hr elapsed between the death of the animal and the beginning of the experiments.
The incubations were done at 39 C over 3 hr in incubation chambers shown in figure 1. The actual mucosal disc surface was approximately 13 cm 2, and the bathing solutions were gassed as before. The transmural potentials were continuously recorded during incubation and were usually at 7 to 10 mV. Samples with potentials below 3 mV were discarded. Transport of other substances was not monitored during the thiamin experiments but active transport of magnesium was observed in parallel incubations with mucosal discs from the same rumen wall area height shift) method. When radioactive thiamin was used it was necessary to separate free thiamin from its di-and tri-phosphates. This was accomplished by chromatography on Decalso (Permutit) resin as described by Murdock and Gubler (1973) .
After termination of the incubation experiments the mucosal discs were weighed, and some of them were dried over 24 hr at 110 C to obtain the water content. After part of the experiments with 14 C-thiamin total thiamin, free thiamin and laC_radioactivity were determined in neutralized tissue extracts of the mucosal discs prepared according to the procedure described for brain tissue by Murdock and Gubler (1973) and expressed on the basis of tissue water.
The data were analyzed statistically by regression analysis. red solution was added to both fluid volumes to check whether net water flux had occurred during incubation (Domschke et al., 1973) . Chemical analysis of free thiamin was done by a fluorometric thiochrome procedure according to Strohecker and Henning (1963) . Total thiamin was determined by the same method after enzymatic treatment with Clara-Diastase (Fluka-Chemie Buchs/Switzerland) over 24 hr at 40 C and purification on Decalso (Permutit) resin.
In some experiments thiamin-(thiazole-2-14C) with a specific activity of 14 mCi/mM was used. 14C_radioactivity was determined by liquid scintillation counting (Mark I Nuclear Chicago. Scintillator: 1 g POPOP, 60 g PPO, 2,500 g methanol, 7,439 g toluene). Quench correction was made by the channels-ratio (pulse
RESULTS AND DISCUSSION

Passage of Thiamin from Mucosal to Serosal
Side. Thiamin dihydrochloride in the mucosal bathing fluid was applied ac eight different thiamin concentrations: .1, .2, .4, .8, 1.6, 3.2, 6.4 and 12.8 #g/ml (all amounts refer to thiamin). The thiamin concentration in the serosal bathing fluid was .05/~g/ml throughout all experiments simulating normal thiamin concentration in blood. All incubations were done in six replications. In addition to the zero time sample, six samples were taken from each set during the 3-hr incubation period. Thiamin concentrations in the mucosal fluids are given in table 1. In all samples values for free thiamin were identical with those of total thiamin, indicating that no substantial transformation of free thiamin to, e.g., thiamin phosphates had occurred. At mucosal thiamin concentrations from .1 to 1.6 /lg/ml no change was observed during 3 hr, while a slight decrease was found at higher thiamin levels. This decrease was statistically not significant. In no case did the thiamin concentration in the serosal fluid change during the experiment to an extent that was measurable by chemical analysis.
In order to achieve higher accuracy six incubations were run with 1a C-labeled thiamin contained in the mucosal fluid (2.0 /lg/ml, 14 mCi/mM; no thiamin in the serosal fluid). It was found that, during 3 hr, the initial 14C-radioactivity of 202 000 cpm/ml in the mucosal fluids had decreased by approximately 6%. Only 10% of the 14C_activity disappeared from the mucosal solution were found in the serosal fluid. These concentration changes were of a magnitude which cannot be accurately measured by chemical thiamin analysis. It cannot be decided whether the observed minor flux of 14C-thiamin was by diffusion or solvent drag. Also the possibility exists that at least part of the transported 14 C-activity was accounted for ~4 by C-labeled products of thiamin metabolism in the rumen wall tissue.
In the literature conflicting opinions exist as to whether thiamin is absorbed from the rumen under normal feeding conditions. Some authors (Lardinois et al., 1944; Phillipson and Reid, 1957; Porter, 1961) accept the possibility of ruminal thiamin absorption. Their results, however, are inconclusive since they are based on thiamin concentration differences in feeds vs rumen contents and do not consider ruminal synthesis and breakdown of thiamin. Using a similar approach, Terroine (1955) was unable to demonstrate thiamin absorption from the rumen. Also R~rat et al. (1958a) did not find thiamin absorption from the rumen in normally fed sheep when they applied the technique of portal vein perfusion. On the other side, R~:rat et al. (1958b) observed that free thiamin partly disappeared from the perfused and isolated rumen in anaesthetized sheep and that the thiamin concentration in the portal blood draining the rumen increased. Smith (1959) assumed that B vitamins are generally absorbed from the rumen although he did not include thiamin in his perfusion studies.
The results presented here would not support the idea of an appreciable thiamin absorption across the rumen wall at levels as they might normally be expected. At elevated levels of free thiamin 6 to 13% of the thiamin initially present in the mucosal bathing solution had disappeared during the first phase of incubation, obviously by way of uptake by the mucosal tissue. These values agree reasonably well with data by R~rat et al. (1958b) and support their conclusion that the rumen wall may act as a thiamin depot.
Passage of Thiamin from Serosal to Mucosal Side. Free thiamin was added to the serosal bathing fluids at six different concentrations: .05, .075, .1, .125, .15 and .2 #g/ml, i.e., up to the fourfold normal blood concentration. No thiamin was added to the mucosal fluids. Neither free nor total thiamin concentrations in serosal and mucosal fluids significantly changed in these experiments. When ~4C-labeled thiamin was applied to the serosal side (2.0 gg/ml) and thiamin-free buffer to the mucosal side the results were almost identical with those obtained in the 14 C-experiments described above. A4PcPrOximately 6% of the intially present -activity disappeared from the serosal solu- 
Uptake of Thiamin by the Mucosal Discs.
Since tissue accumulation of thiamin above the levels applied in the bathing solutions would indicate an active transport process (Komai et al., 1974) laC-thiamin uptake by the mucosal discs was measured in another 12 experiments. Mucosal thiamin concentrations were .2, .4, .8 and 1.6 #g/ml (14 mCi/mM), whereas, no thiamin was present in the serosal fluids. The results from these experiments are shown in table 2. It is obvious that, dependent upon the mucosal thiamin concentration, an increasing amount of 14C.thiami n had moved into the mucosal discs during incubation. In no case was there an accumulation of thiamin in the mucosal tissue, and the 14 C-activity levels attained in the tissue were far from equilibrium with that in the bathing fluids. The total recovery of radioactivity in these experiments was 101 and 103%, respectively, probably due to minor evaporative losses of bathing fluid. Thus there was no indication of active thiamin transport.
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